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(54) Molded rubber part suitable for use in contact with medical solution 

(57) Disclosed is a molded rubber part suitable for 
use in contact with a medical solution, such as a rubber 
closure or plug for a container for a medical solution or 
a rubber stopper for a plunger of a syringe for a medical 
solution. The molded rubber part has been obtained by 
molding and vulcanizing a halogenated butyl rubber, 
which contains fine powder of ultra-high-molecular- 
weight polyethylene added therein, in the absence of 
any zinc compound while using at least one 2-substi- 
tuted-4,6-dithiol-s-triazine derivative or an organic per- 
oxide. 
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EP0 841 374 A2 

Description 

BACKGROUND OF THE INVENTION 
5 a) Field of the Invention 

This invention relates to a molded rubber part suitable for use in contact with a medical solution, and more specif- 
ically to a rubber closure for a drug container (hereinafter simply called a "container") or a rubber stopper for a drug 
injector (for example, a syringe) (hereinafter simply called a "syringe"), said rubber closure or stopper being made of a 
10 vulcanized halogenated butyl rubber. Specifically, the present invention is concerned with a rubber closure for a con- 
tainer, said rubber closure being excellent in needle piercing readiness, having been improved in the leakage of a med- 
ical solution after a needle has been withdrawn, and being free from dissolution of zinc into a medical solution, or with 
a rubber stopper for a syringe, said rubber stopper being free from dissolution of zinc into the medical solution. 

is b) Description of the Related Art 

Butyl rubber and halogenated butyl rubber added with a halogen such as chlorine or bromine are excellent in gas 
permeation resistance. Making use of this property, they have been used as materials for rubber closures or plugs 
(which may hereinafter be called simply "rubber plugs") for containers to date. 
20 Butyl rubber is a rubber available by copolymer izing isobutylene with a small proportion of isoprene (for example, 
about 1 to 3 wt.% or so based on the butyl rubber). Compared with diene rubber such as natural rubber or polyisoprene 
rubber, butyl rubber contains double bonds at a very low concentration, thereby making it difficult to conduct its vulcan- 
ization sufficiently. 

On the other hand, halogenated butyl rubber contains one halogen atom and approximately one double bond in 
25 each isoprene unit of the rubber [-CH=C(CH 3 )-CH(X)-CH 2 -; X represents a halogen atom]. Vulcanization (crosslinking) 
is therefore feasible using double bonds and halogen atoms, leading to an advantage that halogenated butyl rubber per- 
mits more sufficient vulcanization than butyl rubber. 

For vulcanization making use of halogen atoms in halogenated butyl rubber, zinc white (zinc oxide) is generally 
used. To perform concurrent vulcanization making use of double bonds, sulfur or a thiuram compound such as tetram- 
30 ethyfthiuram disulfide is also used in combination with a dithiocarbamate-type vulcanization promoter such as zinc 
diethyldithiocarbamate. Further, an amine such as an amine-type silane coupling agent is also used to vulcanize halo- 
genated butyl rubber by making use of halogen atoms. 

Use of these vulcanization systems makes it possible to vulcanize halogenated butyl rubber more sufficiently than 
butyl rubber. The above-described vulcanization systems are however accompanied by a problem that zinc is dissolved 
35 into medical solutions from rubber plugs for containers, said rubber plugs being made of halogenated butyl rubber mak- 
ing use of the above-described vulcanization systems, because these vulcanization systems all use zinc white in 
amounts not greater than 5 parts by weight per 100 parts by weight of the rubber. In addition, the vulcanization of hal- 
ogenated butyl rubber is still insufficient compared with a sulfur-vulcanized product of diene rubber such as natural rub- 
ber although halogenated butyl rubber can be vulcanized more sufficiently than butyl rubber. Halogenated butyl rubber 
40 therefore another problem that its vulcanized product becomes tacky on a surface thereof. 

Accordingly, use of the above-described vulcanized product of halogenated butyl rubber for a rubber plug for a con- 
tainer may develop such problems that large resistance may be encountered upon piercing a needle of a syringe there- 
through and a medical solution may leak out after the needle is withdrawn. In the case of a rubber stopper for a syringe 
such as one attached to a free end of a plunger of the syringe, on the other hand, the rubber stopper is brought into 
45 direct contact with a medical solution. It is therefore necessary that nothing will be dissolved or extracted out from the 
rubber stopper into the medical solution even when they are kept in contact for a long time. The conventional art how- 
ever involves the troublesome dissolution of zinc from the rubber stopper into the medical solution as described above. 
The rubber stopper is also required to provide sufficient air tightness. However, a problem often arises in connection 
with the air tightness of the rubber stopper because the vulcanization of halogenated butyl rubber by the above- 
so described vulcanization systems is insufficient. 

On the other hand, non-toxic rubber obtained by vulcanizing brominated butyl rubber with a 2-substituted-4,6-mer- 
capto-s-triazine without using zinc white was proposed in Japanese Patent Application Laid-Open (Kokai) No. SHO 52- 
50345. However, the vulcanization is also insufficient in this case, resulting in occurrence of problems similar to those 
mentioned above. 

55 

SUMMARY OF THE INVENTION 

With the foregoing circumstances in view, the present invention has an object thereof the provision of a rubber clo- 
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sure or plug for a container or a rubber stopper for a syringe, which is free from surface tackiness (tack), is provided with 
firmness, meets standard values of extractive (zinc) and other standard values specified in the Japanese Pharmaco- 
poeia, the United States Pharmacopoeia and the Pharmacopoeias of various European countries, and has been less- 
ened or reduced, for example, in the resistance upon piecing a needle therethrough and the leakage of a medical 
solution after the needle is withdrawn. 

The present inventors were interested in the disclosure of Japanese Patent Application Laid-Open (Kokai) No. SHO 
60-144346 to the effect that combined use of fine particles of ultra-high-molecular-weight polyethylene (PE) with halo- 
genated butyl rubber can overcome the problem of dissolution of an inorganic reinforcing filler, which has conventionally 
been filled in butyl rubber, into a medical solution from a rubber plug for a container and can also reduce resistance to 
needle piercing. This publication also discloses a rubber plug for a container, which has been obtained by vulcanizing 
chlorinated butyl rubber with zinc white and zinc dithiocarbamate, and a rubber plug for a container, which has been 
obtained by vulcanizing brominated butyl rubber with zinc white and a sulfur-base vulcanization system or the like. The 
above publication however makes no mention about a rubber plug for a container, which has been obtained by vulcan- 
izing chlorinated butyl rubber or brominated butyl rubber with a vulcanization system other than the above vulcanization 
systems. 

Incidentally, rubber plugs for containers, which have been obtained by conducting vulcanization with the vulcaniza- 
tion systems disclosed in the above publication, cannot avoid the dissolution of zinc and further, cannot fully prevent the 
leakage of a medical solution after withdrawal of a needle although this leakage problem has been lessened or reduced 
compared with the conventional rubber plugs. 

With a view to overcoming the above-described problems which arise from the use of ultra-high-moleculanweight 
PE as a reinforcing filler for halogenated butyl rubber, the present inventors have proceeded with an investigation on 
various vulcanization systems. As a result, it has been found that the above-described object of the present invention 
can be achieved by conducting the vulcanization of halogenated butyl rubber with a triazinethiol compound as a vulcan- 
izer in the absence of any zinc compound while using halogen atoms in the halogenated butyl rubber or by conducting 
the vulcanization with an organic peroxide. Based on this finding, the present inventors have led to the completion of 
the present invention. 

The above-described object has now been achieved by the present invention. In one aspect of the present inven- 
tion, there is thus provided a molded rubber part suitable for use in contact with a medical solution, wherein said molded 
rubber part has been obtained by molding and vulcanizing a halogenated butyl rubber, which contains fine powder of 
ultra-high-molecular-weight polyethylene added therein, in the absence of any zinc compound while using at least one 
2-substituted-4,6-dithiol-s-triazine derivative or an organic peroxide. 

According to the present invention, it is possible to provide rubber closures for use with containers for aqueous infu- 
sion or containers for various solid or liquid drug preparations as well as rubber stoppers for drug injectors such as 
syringes. These rubber closures and stoppers can meet the standard values of extractive (zinc) and other standard val- 
ues specified in the Japanese Pharmacopoeia, the United States Pharmacopoeia and the Pharmacopoeias of various 
European countries, and are free from surface tackiness. Further, the rubber closures permit easy piercing of needles 
and are lessened or reduced in the leakage of medical solutions after withdrawal of the needles, and the rubber stop- 
pers are free from dissolution or extraction even when kept in contact with medical solutions for a long time. 

DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS 

The present invention will hereinafter be described in further detail by setting forth its embodiments. 

The halogenated butyl rubber useful in the practice of the present invention is available by adding a halogen such 
as chlorine or bromine to a copolymer rubber of isobutylene and isoprene (the content of isoprene in the copolymer 
generally ranges from 1 to 5 wt.% or so). Conventionally-known halogenated butyl rubbers are all usable in the present 
invention. 

The 2-substituted-4,6-dithiol-s-triazine derivative (which may hereinafter be called a "triazine derivative) for use in 
the practice of the present invention is a compound represented by the following formula: 




N 



N 
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In the above formula, R 1 represents OR 4 , SR 4 or NR 5 R 6 , in which R 4 R 5 and R 6 may be the same or different and 
individually represent a hydrogen atom, an alkyl group (C 1 to C 18 or so), an alkenyl group (C^ to C 18 or so), an arylalkyl 
group such as a phenyl or benzyl group, or an alkylaryl or cycloalkyl group (C 5 to C 8 or so) such as a tolyl or xylyl group. 

5 Further, R 2 and R 3 may be the same or different and individually represent a hydrogen atom, an amino group (second- 
ary to tertiary), a quaternary ammonium group, an alkali metal atom such as a sodium or potassium atom, or a 1/2 alka- 
line earth metal atom such as a 1/2 calcium or barium atom. 

No particular limitation is imposed on the triazine derivative in the present invention, but its typical examples can 
include 2,4,6-trithiol-s-triazine (trithiocyanuric acid), 2-butytamino-4,6-dithiol-s-triazine, 2-ethyIamino-4,6Kiithiol-s-tri- 

10 azine - dioctylamine and 2-butyl-4,6-drthiol-s-triazine • ditriethyl ammonium. For ready availability, 2-butylamino-4,6- 
drthiol-s-triazine is preferred. 

No particular limitation is imposed on the proportion of the triazine derivative. By a preliminary experiment, a pro- 
portion which can impart necessary strength characteristics or the like to the molded rubber part of the present inven- 
tion and can meet standard values of various standard methods of analysis for hygienic chemicals is confirmed, and the 

is triazine derivative is used in the thus-confirmed proportion. In general, however, the triazine derivative can be used in 
a proportion of from 0.1 to 10 parts by weight per 100 parts by weight of the halogenated butyl rubber. A proportion 
smaller than 0.1 part by weight will lead to insufficient vulcanization of the halogenated butyl rubber, whereas use of the 
triazine derivative even in a proportion greater than 1 0 parts by weight will not result in any further progress of the vul- 
canization of the halogenated butyl rubber so that such an excessively large proportion is uneconomical. The preferable 

20 proportion ranges from 0.5 to 5 parts by weight. 

No particular limitation is imposed on the organic peroxide for use in the practice of the present invention, insofar 
as it can vulcanize the halogenated butyl rubber. Illustrative are 1,3-(t-butylperoxyisopropyl)benzene, 2,5-dimethyl-2,5- 
di(t-butylperoxy)hexane, 2,5<limethyl-2,5-di(t-butylpero 
diisobutyl peroxide and n-butyl 4 p 4-bis(5-butylperoxy)valerate. 

25 Along with the above-described organic peroxide, a vulcanization (crosslinking) aid can also be used as needed. 
Examples of the vulcanization aid can include polyfunctional monomers such as triallyl isocyanurate, trimethylolpro- 
pane trimethacrylate, allyl methacrylate, diallyl phthaiate, ethylene glycol dimethacrylate, 1,3-butylene glycol dimeth- 
acrylate and bismaleimide; and 1,2-polybutadiene. 

No particular limitations are imposed on the proportions of the organic peroxide and vulcanization aid. By prelimi- 

30 nary experiments, proportions which can impart necessary strength characteristics or the like to the molded rubber part 
of the present invention and can meet standard values of various standard methods of analysis for hygienic chemicals 
are confirmed, and the organic peroxide and vulcanization aid are used in the thus-confirmed proportions, respectively. 
In general, however, the organic peroxide can be used in a proportion of from 0.1 to 5 parts by weight or so per 100 
parts by weight of the halogenated butyl rubber, and the vulcanization aid can be used in a proportion range of from 5 

35 to 10 parts by weight or so per 100 parts by weight of the halogenated butyl rubber. 

A characteristic feature of the present invention reside in the vulcanization of the halogenated butyl rubber with the 
organic peroxide or in the vulcanization of the halogenated butyl rubber with the triazine derivative while making use of 
its halogen atoms, in other words, in that vulcanization with zinc white or zinc white and a vulcanization promoter such 
as zinc dithiocarbamate, which makes use of double bonds, is not performed. 

40 Accordingly, inorganic zinc compounds such as zinc white and vulcanization promoters, e.g., the zinc salts of var- 
ious organic compounds and other zinc compounds including organic zinc compounds are not used at all in the present 
invention. 

Upon production of the molded rubber part according to the present invention by using the triazine derivative as a 
vulcanizer, the oxide or carbonate of magnesium, calcium or the like can be used, together with the triazine compound, 
45 in a proportion of from 0.1 to 10 wt.% or so per 100 parts by weight of the rubber as a regulator for the vulcanization 
reaction and also as a receptor (acid scavenger) for a hydrogen halide to be formed. 

Another feature of the present invention resides in the use of the fine powder of ultra-high-molecular-weight poly- 
ethylene (PE) as a reinforcing filler for the halogenated butyl rubber. 

Ultra-high-molecular-weight PE is a PE having an ultra high molecular weight of about 1 ,000,000 or higher in terms 
so of viscosity-average molecular weight. Similarly to conventional PEs such as LLDPE, LDPE and HDPE, it can be pro- 
duced by polymerization with a Ziegler catalyst. Incidentally, the viscosity-average molecular weight of general PE 
ranges from about 20,000 to about 100,000. The fine powder of ultra-high-molecular-weight PE is available by convert- 
ing the ultra-high-molecular-weight PE into fine powder by a desired method such as mechanical grinding or addition 
of a poor solvent to a solution of the PE (which is soluble in hot carbon tetrachloride, Trichlene or the like) for preciprta- 
55 tion. In general, fine powder passed through a 100-mesh sieve, preferably a 200-mesh sieve, more preferably a 300- 
mesh sieve is used. 

Owing to the use of the fine powder of ultrahtgh-molecular-weight PE, the problem that a vulcanized product 
(molded rubber part) becomes tacky due to insufficient vulcanization of halogenated butyl rubber has been overcome. 
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The proportion of the fine powder of ultra-high-molecular-weight PE to be used differs depending on whether the 
molded rubber part is a rubber closure for a container or a rubber stopper for a syringe. In the case of a rubber closure 
for a container, the fine powder can be used in a proportion of from 5 to 25 parts by weight per 100 parts by weight of 
the halogenated butyl rubber. In the case of a rubber stopper for a syringe, on the other hand, the fine powder can be 

5 used in a proportion of from 20 to 70 parts by weight per 100 parts by weight of the rubber. Proportions smaller than 
the lower limits of the respective ranges cannot impart firmness to the rubber closure and the rubber stopper as much 
as needed, so that greater resistance is encountered upon piercing a needle in the case of the rubber closure for the 
container and greater sliding resistance is produced in a syringe in the case of the rubber stopper for the syringe. On 
the other hand, proportions greater than the upper limits of the respective ranges render the rubber closure and the rub- 

jo ber stopper excessively firm so that the elasticity, elongation and the like of the rubber closure and rubber stopper are 
reduced. Proportions outside the above ranges are hence not preferred. The preferable proportion of the fine powder 
of ultra-high-molecular-weight PE is from 5 to 20 parts by weight per 100 parts by weight of the halogenated butyl rub- 
ber in the case of a rubber closure for a container and is from 20 to 60 parts by weight per 100 parts by weight of the 
halogenated butyl rubber in the case of a rubber stopper for a container. 

is In the present invention, conventionally-used, inorganic reinforcing fillers such as silica, clays and magnesium sili- 
cate can be used either singly or in combination in the halogenated butyl rubber to an extent not impairing the advan- 
tageous effects of the invention. The preferable proportion of such a reinforcing filler (when two or more reinforcing 
fillers are used, the preferable total proportion thereof) is not greater than 40 parts by weight per 1 00 parts by weight of 
the halogenated butyl rubber. 

20 The above-described individual components are kneaded in a conventional mixer to prepare a rubber compound. 
By compression molding, injection molding or the like, the rubber compound is then formed into a molded rubber part 
of a predetermined shape, followed by vulcanization. Needless to say, no limitation whatsoever is imposed on the pro- 
duction process of the molded rubber part in the present invention. Further, the molded rubber part according to the 
present invention can be coated or otherwise covered with a f luorinated resin, a silicone resin or the like at a desired 

25 surface thereof or the entire surfaces thereof as needed. 

In the present invention, owing to the use of the fine powder of ultra-high-molecular-weight PE and the above- 
described vulcanization system of the triazine derivative or organic peroxide, the surface of the vulcanized product 
(molded rubber part) can be prevented from becoming tacky despite the degree of vulcanization of the halogenated 
butyl rubber is not sufficiently high. Further, a rubber closure for a container and a rubber stopper for a syringe are 

30 imparted with the excellent advantageous effects unavailable from the conventional art. Specifically, the rubber closure 
produces only low resistance upon piercing a needle therethrough and is free from leakage of a medical solution after 
withdrawal of the needle and is also absolutely free from dissolution of zinc. The rubber stopper causes absolutely no 
dissolution of zinc. 

The present invention will next be described more specifically by setting forth Examples and Comparative Exam- 
35 pies, in which all the designations of "part" or "parts" and "%" are by weight basis unless otherwise specifically indi- 
cated. 

Examples 1 -2 & Comparative Example 1 

40 Provided for use In each of the Examples and Comparative Example were a halogenated butyl rubber (chlorinated 
butyl rubber; "HT-1066", trade name; product of Japan Butyl Co., Ltd.), fine powder of ultra-high-molecular-weight PE 
passed through a 200-mesh sieve ("MIPELON", trade mark; product of Mitsui Petrochemical Industries, Ltd.), and as a 
vulcanizer, 2-dibutyiamino-4,6-drthiol-s-triazine ("ZINSNET-DB", trade name; product of Sankyo Kasei Co., Ltd.) or as 
an organic peroxide, 2,5-dimethyl-2,5<li(t-butylperoxy)hexane ("Perhexa 2.5B", trade name; product of NOF Corpora- 

45 tion). In accordance with the corresponding formulation shown below in Table 1 , the halogenated butyl rubber and the 
ultra-high-molecular-weight PE were kneaded at a temperature of from 80 to 120°C in a pressure kneader and the 
remaining additives were then mixed on a roll mill, whereby a rubber compound for rubber closures was obtained. 

The rubber compounds so obtained were separately molded by compression molding and vulcanized under their 
corresponding conditions shown below in Table 1. so that rubber closures were formed. None of the rubber closures 

so exhibited surface tackiness. The rubber compounds were also separately vulcanized on a press into 2-mm thick sheets 
under their corresponding conditions, which were the same as the above-mentioned conditions, respectively. Strength 
characteristics of the sheets were measured following the procedures of J IS K6301 . 

Concerning the thus-obtained rubber closures, various tests were conducted by the following testing methods. The 
results of these tests are presented below in Tables 1 to 4. 

55 

(1) Dissolution test 

The testing method for rubber closure for aqueous infusion specified in the Japanese Pharmacopoeia (the 1 3th edi- 
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tion): A sample is heated at 1 2 1 °C for 1 hour in 1 0 times of its volume of water. Test results are presented in Table 2. 
(2) Special tests 
5 (i) Coring resistance 

Following British Standard 3263 (1960), a water! tiled bottle is fitted with a rubber closure and the rubber closure is 
tightened by an aluminum cap. The aluminum cap is then removed at a portion thereof, which corresponds to a needle 
piecing portion of a central part of the rubber closure. A standard testing needle 22G (manufacture by TOP Corporation) 
w is pierced 100 times. After the bottle is shaken several times, water is filtered and rubber pieces on filter paper are 
counted. 

(ii) Needle piercing test 

15 Following British Standard 3263 (1960), force (g) upon causing the above-described standard testing needle to 
pass through a rubber closure at a speed of 20 cm/min is measured by an automatic strain-stress gauge. 

(iii) Leakage of solution 

20 A 500-ml bottle is filled with water and is fitted with a rubber closure. After the rubber closure is tightened by an 
aluminum cap, the bottle with the water filled therein is heated at 1 21 °C for 30 minutes and is then cooled. The rubber 
closure is pierced by the above-described standard needle, and the bottle is left over for 1 hour in a position held upside 
down. An air inlet needle is then pierced. At a time point that 4O0 ml of water have been withdrawn, the standard needle 
is withdrawn and an amount of water flowed out after the withdrawal of the needle is measured. The results of the above 

25 tests are presented below in Table 3. 



Table 1 



Formulation 


Example 1 


Example 2 


Comp. Ex 1 


Halogenated butyl rubber 


100 


100 


100 


Ultra-high-molecular-weight PE 


10 


10 


10 


Silica 


7.5 


7.5 


7.5 


Triazine derivative 


1.5 






Organic peroxide 




1.0 


2 


MgO 


3 




2 


ZnO 






1 


Stearic acid 


0.1 




0.3 


TMT 






0.2 


EZ 






0.4 


Vulcanization conditions (°C) x (min) 


180x7 


170x7 


150x30 


Stress under 300% tension (kg/cm 2 ) 


18 


20 


23 


Tensile strength (kg/cm 2 ) 


30 


45 


45 


Elongation (%) 


500 


500 


620 


Elongation set {%) 


5.2 


3.9 


4.0 


Firmness (J IS A) 


36 


37 


40 


(Note) 

TMT: Tetramethylthiuram disulfide 
EZ: Zinc diethyldithiocarbamate 
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Table 2 



5 


Dissolution Test 




Tested item 


Example 1 


Example 2 


Comp.Ex. 1 


Testing method and 
standard value 


10 


LfiariTy \7o) 


iuu ooioness ana 
clear 


clear 


jtj.O OvJUl iy<>o anu 

clear 


IfdllOlUllLctl ILfO al HOU 

650 nm wavelength 
should be 99.0% or 
higher. Should be 
colorless and clear. 


15 


Foaming (min) 


^3 min 


£3 min 


£3 min 


Time until disappear- 
ance of foam after 
shaken for 3 minutes 
should not be longer 
than 3 minutes. 


20 


pH 


+0.5 


+0.4 


+0.8 


Should remain within 
±1.0 of the pH of the 
water before the test. 


25 


Zinc (ppm) 


0.00 


0.00 


0.02 


No more than 0.5 
ppm as measured by 
atomic-absorption 
spectroscopy 


30 


KMn0 4 reducing 
substances (ml) 


0.06 


0.10 


1.1 


Consumption at 0.01 
N concentration 
should not exceed 
2.0 ml. 


35 


Evaporation residue 
(mg) 


0.3 


0.4 


0.8 


Should be 2.0 mg or 
less (after dried at 
150°C for 60 min- 
utes). 


40 


UV absorption spec- 
trum 


0.007 


0.010 


0.15 


Absorbance at 220- 
350 nm wavelength 
should be 0.20 or 
lower. 



Table 3 



Special Tests 


Test 


Example 1 


Example 2 


Comp.Ex. 1 


Standard value 


Coring resistance test (pieces) 


0 


0 


1 


<, 3 pieces 


Needle piercing test (g) 


160 


170 


590 


^t000g 


Solution leakage test (ml) 


0 


0 


0 


No leakage 
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Examples 3-4 & Comparative Example 2 

As shown in Table 4, rubber compounds were prepared with the same formulations as those of Examples 1-2 and 
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Comparative Examples 1, respectively, except that the proportion of the ultra-high-molecular-weight PE was changed 
to 40 parts and the proportions of the organic peroxide in Exmaple 4 and Comparative Example 2 were reduced from 
1 .0 part by weight to 0.7 part by weight and from 2 parts by weight to 0 part by weight, respectively. Using these rubber 
compounds, rubber stoppers for syringe plungers were produced by compression molding (under the same vulcaniza- 
5 tion conditions as in Examples 1 -2 and Comparative Example 1). None of the rubber stoppers had surface tackiness. 

Strength characteristics were measured as in Example 1. The results are presented in Table 4. 

Further, a dissolution test was conducted on the respective rubber stoppers for the plungers. Substantially the 
same results as the results described in Table 1 were obtained. 



w 

Table 4 



Formulation 


Examole 3 


Examole 4 

fa»ndt 1 IWIw i 


Co mo Ex. 2 

Wvi i *M* fa>*Vt fa 


Haloflfinatfld hirtvl ruhher 


100 


100 


100 


Ultra-hioh-molecular-weioht PE 


40 


40 


40 


Silica 


7.5 


7.5 


7.5 


Triazine derivative 


1.5 






Organic peroxide 




0.7 




MgO 


3 




2 


ZnO 






1 


Stearic acid 


0.1 




0.3 


TWIT 






0.2 


EZ 






0.4 


Vulcanization conditions (°C) x (min) 


180x7 


170x7 


150x30 


Stress under 300% tension (kg/cm 2 ) 


26 


45 


46 


Tensile strength (kg/cm 2 ) 


70 


130 


125 


Elongation (%) 


600 


450 


500 


Elongation set (%) 


6.5 


3.5 


5.4 


Firmness (J IS A) 


53 


56 


54 



Claims 

40 1 . A molded rubber part suitable for use in contact with a medical solution, wherein said molded rubber part has been 
obtained by molding and vulcanizing a halogenated butyl rubber, which contains fine powder of ultra-high-molecu- 
lar-weight polyethylene added therein, in the absence of any zinc compound while using at least one 2-substituted- 
4,6-drthiol-s-triazine derivative or an organic peroxide. 

45 2. The molded rubber part of claim 1 , which is a rubber closure for a drug container. 

3. The molded rubber part of claim 2, wherein said fine powder of said ultra- high -molecular-weight polyethylene is 
used in a proportion of 5 to 25 parts by weight per 100 parts by weight of said halogenated butyl rubber. 

so 4. The molded rubber part of claim 1 , which is a rubber stopper for a drug injector. 

5. The molded rubber part of claim 4, wherein said fine powder of said ultra-high-molecular-weight polyethylene is 
used in a proportion of 20 to 70 parts by weight per 100 parts by weight of said halogenated butyl rubber. 

55 6. Hie molded rubber part of claim 1 , wherein said fine powder of said ultra-high-molecular-weight polyethylene has 
a particle size small enough to pass through a 100-mesh sieve. 

7. The molded rubber part of claim 1 , wherein said 2-substituted-4,6-dithiol-s-triazine derivative is at least one deriv- 
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ative selected from 2,4,6-trithiol-s-triazine (trithiocyanuric acid), 2-butyIamino-4,6-dithiol-s-triazine, 2-ethylamino- 
4 ( 6-dithiol-s-triazine«dioctylamine or 2-butyl-4,6-dithiol-s-triazine •dforiethyl ammonium. 

8. The molded rubber part of claim 1, wherein said triazine derivative has been used in an amount of from 1 to 10 
parts by weight per 100 parts by weight of said halogenated butyl rubber. 

9. The molded rubber part of claim 1, wherein said organic peroxide is at least one peroxide selected from 1,3-(t- 
butylperoxyisopropyi)benzene, 2,5<limethyl-2,5-di(t-butylperoxy)hexane ( 2,5-dimethyl-2,5Kii(t-butylperoxy)hex- 
ane-S.I.I-diO-butylperoxy-a.S.S-trimethylcyclohexane, diisobutyl peroxide or n-bulyl 4,4-bis(5-butyIperaxy) valer- 
ate. 

10. The molded rubber part of claim 1 , wherein said organic peroxide has been used in a range of from 0.1 to 5 parts 
by weight per 100 parts by weight of said halogenated butyl rubber. 



